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© Semiconductor laser array and mounting method. 



© A semiconductor laser device includes a semiconductor laser array chip (3) including a plurality of active 
regions (4a,4b,4c), each region being driven independently, and a heat sink (2) comprising a plurality of layers 
comprising an insulating material having relatively high thermal conductivity (2a) and a plurality of layers 
comprising an insulating material having relatively low thermal conductivity (2b), which are alternately laminated 
r- in the array direction of the active regions (4a,4b,4c). The semiconductor laser array chip (3) is disposed on the 
<C heat sink (2) so that at least one of the low thermal conductivity layers (2b) of the heat sink (2) is present 
^ beneath each region between adjacent active regions of the laser array (3). Therefore, thermal crosstalks 
00 between the active regions of the laser array are reduced. 
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FIELD OF THE INVENTION 

The present invention relates to a semiconductor laser device including a laser array chip in which a 
plurality of stripe-shaped active regions are driven independently and a heat sink on which the laser array 
s chip is disposed and, more particularly to heat sinks that improve performance of the laser array chip. The 
invention also relates to a method for producing the semiconductor laser device. 

BACKGROUND OF THE INVENTION 

w When a semiconductor laser chip is mounted on a chip-mounting part of a package, such as a metal 
block, a heat sink is inserted between the metal block and the laser chip to reduce thermal stress applied to 
the laser chip due to a difference in thermal expansion coefficients between the metal block and the laser 
chip. 

Figure 16 is a perspective view illustrating a semiconductor laser chip mounted on a metal block via a 

75 conventional heat sink. In figure 16, reference numeral 1 designates a metal block comprising silver, 
copper, or the like. A heat sink 100 comprising a material of high thermal conductivity, for example, silicon 
or diamond, is disposed on the metal block 1. A semiconductor laser array chip 3 including three active 
regions 4a, 4b, and 4c, each active region producing light of a different wavelength, is disposed on the heat 
sink 100. Electrode patterns 6a, 6b, and 6c, which respectively correspond to the active regions 4a, 4b, and 

20 4c of the laser chip 3, are disposed on the heat sink 100. Metal wires 5b, 5c, and 5d are connected to the 
electrode patterns 6a, 6b, and 6c, respectively. A metal wire 5a is connected to a common electrode of the 
semiconductor laser chip 3. 

A description is given of the operation. Current is injected into the active regions 4a, 4b, and 4c 
separately from each other through the electrode patterns 6a, 6b, and 6c, respectively, which electrode 

25 patterns are separated from each other on the insulating heat sink 100, whereby the respective active 
regions are independently operated. Heat generated in each active region due to the laser light emission is 
transmitted through the heat sink 100 and the metal block 1. Since the heat sink 100 comprises a material 
having thermal isotropy, the heat generated in the active region is transmitted in the heat sink 100 
extending not only in the vertical direction, i.e., the direction toward the metal block, but also in the 

30 horizontal direction. Therefore, in the laser array device with the conventional heat sink 100, heat generated 
in an active region (first active region) is unfavorably transmitted to another active region (second active 
region) through the heat sink 100 increasing the temperature of the second active region, whereby laser 
characteristics of the second active region, such as oscillation wavelength, operating current, and the like, 
are adversely affected by the heat from the first active region, that is, a thermal crosstalk occurs. 

35 Figure 17 is a perspective view illustrating a semiconductor laser device including a heat sink that 
prevents thermal crosstalks between a plurality of active regions of a laser array, which is disclosed in 
Japanese Published Patent Application No. 60-175476. In figure 17, the heat sink 200 comprises a plurality 
of conductive heat sink layers 200a comprising copper (Cu) having a thermal conductivity of 3.9 W/cm ° C 
and a plurality of insulating layers 200b comprising alumina (AI2O2) having a thermal conductivity of 0.21 

40 W/cm*C, which are alternately laminated and adhered to each other using hard solder 200c. Preferably, the 
hard solder 200c is silver solder (Ag x Cui-x) or gold solder (Au x Cui-x). The semiconductor laser array chip 
including five active regions 4a, 4b, 4c, 4d, and 4e is disposed on the heat sink 200 so that an electrode of 
each active region is in contact with each heat sink layer 200a of the heat sink 200. 

A description is given of the operation. Since the active regions 4a to 4e of the laser array chip 3 are in 

45 contact with the conductive heat sink layers 200a and electrically separated from each other by the 
insulating layers 200b, the respective active regions are independently driven by voltages applied via the 
corresponding conductive heat sink layers 200a. Heat generated in each active region due to the laser light 
emission is transmitted through the heat sink 200. If a low thermal conductivity material is used for the 
insulating layer 200b, the heat transmitted to the conductive heat sink layer 200a does not easily extend 

50 into the insulating layer 200b, thereby preventing a temperature rise in an active region due to heat 
generated in adjacent active region, i.e., the thermal crosstalk is reduced. 

When the semiconductor array chip with the conventional heat sink comprising alternating conductive 
layers and insulating layers is mounted on a metal block of a package to complete a semiconductor laser 
device, an insulator should be inserted between the metal block and the heat sink or the laser chip should 

55 be mounted on an insulator block instead of the metal block to prevent a short circuit between adjacent 
active regions of the laser array chip, resulting in a complicated fabrication. In addition, since the material of 
the semiconductor laser chip is different from the materials of the heat sink, thermal stress is applied to the 
laser chip, adversely affecting the laser characteristics. Furthermore, the fabrication of the conventional heat 
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sink including adhering the high thermal conductivity material and th* in*. «. 

using the hard solder takes much time and labr 1J ?T * , ° th6rmal condu ctiVity material 
dimensional precision ^ and " ,S d,ff,CU,t t0 fabrfc ^ the heat sink with high 
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providing good product yield crosstalks between active regions of the laser array. 

^^^^^JSZT^T apparent from the det3iled 

embodiment are given by way of 111*1^7' *" ** ,fcd deSCfipti0n and s P eci «' 
and scope of the invention wili ^become ^^iSL^SS m ° difications withi " the spirit 

According to a first aspect of the VSZZ l ♦ the art ,rom this detai,ed description. 

2 o ductor ,aser a'rray chi fl^* SS^TSST^^ **" ' nC,UdeS 3 SemiCOn " 

heat sink comprising a plurality of lave 1 Wni . v 9 '° n b8 ' n9 dn ' Ven inde P e "dently. and a 
conductivity and a plurality o, i^c^Z^J^^T 0 ^ ^^rml 

conductivity, which are alternately Z iSTTJi fT" - -. ^ re ' 3tiVe,y ,0W thermal 

laser array chip is disposed on the heat 2nk 1 Lt 7, . ° f the 3Ctive reaJons - Tne semiconductor 
the heat sink is'presen't *" ^ COnduc «^ of 

therma, crosstab between the active regfTs ^X^^ZST " *" *~ ^ ™ fe - 
Jl^ll^JgZ^™^ a ^conductor ,aser device includes a 
driven independently, and a heat sTi^Z* SLS^^^^ ?"* ^ 
having a high thermal conductivity and a oluralitv of V compns.ng an insulating material 

thermal conductivity, which are aLnatelv * COmpr,s,na an insula «ng material having a low 
ses of the respective layers of th^^^^^^ ° f *° active ^°"s. Ttiknes- 

v-hole heat sink is equivalent to7th e rm Je^? Z S ° ** 3 thermal expansion coefficient of the 
laser array chip. Th ? JESiSS! S '°f C,8nt °' a P rinci P a ' material of the semiconductor 
low thermal conductivity 0n l * e hea1 sink so that « ■«* one of the 

regions of the .aser arra'y. Therefor "? re9 ''° n adjaC8nt activ * 

reduced, and the stress generated in X ~S ! f . 6 3C, ' V8 re9ions of the laser ™y are 
characteristics of the Z^T^™* ^ * th8reb * 

improving 

and a material having low thermal ZSZ^JZFZS? * ^ hiQh thermal conductivity 

Therefore the, ; eat sirfk is ea^d ^IX^Z^ °< - '** 

J^L:^^^.^^ 3 SemiC °" duCt - — includes a 

driven independently, and" ■ Lit? M^TlZZ'TT^ ^ ^ b ^ 

which are periodically disposed in the ^ay Zi^T^ ^T 9r °° VeS h3Vi " 9 3 pr8SCnbed de P th 
semiconductor laser array chip is diZZd L ZZ, L ^ re9 '° nS ° f the laser arra V cl «P- The 
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this structure, since the heat conductivity X^!^ h ^^.^ ^ h 

crosstalks between the active regions of the laser array chip are reduced " B ,rect,on is ,ow ' tnernr ial 
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of the low thermal conductivity region is determined so that a distance from one of the active regions of the 
semiconductor laser chip to adjacent active region along the periphery of the low thermal conductivity 
region is longer than a distance from the surface of the heat sink to the rear surface thereof. In this 
structure, since the heat conductivity of the heat sink in the horizontal direction is low, thermal crosstalks 
between the active regions of the laser array chip are reduced. 

According to a sixth aspect of the present invention, a semiconductor laser device includes a 
semiconductor laser array chip including a plurality of stripe-shaped active regions, each region being 
driven independently, and a heat sink comprising a polycrystalline layer including columnar or fiber grains. 
The semiconductor laser array chip is disposed on a surface of the heat sink, which surface is perpendicu- 
lar to the length of the grain. In this structure, the heat conductivity in the longitudinal direction of the grain 
is high while the heat conductivity in the horizontal direction is low because voids existing among the grains 
impede the heat transmission, thereby reducing thermal crosstalks between the active regions of the laser 
array chip. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view illustrating a semiconductor laser device in accordance with a first 
embodiment of the present invention; 

Figures 2(a)-2(d) are perspective views illustrating a method for producing a heat sink included in the 
20 semiconductor laser device of figure 1; 

Figure 3 is a perspective view illustrating a semiconductor laser device in accordance with a second 
embodiment of the present invention; 

Figure 4 is a perspective view illustrating a heat sink included in a semiconductor laser device in 
accordance with a third embodiment of the present invention; 
25 Figure 5 is a schematic diagram illustrating a heat sink included in a semiconductor laser device in 
accordance with a fourth embodiment of the present invention; 

Figure 6 is a perspective view illustrating a semiconductor laser device in accordance with a fifth 
embodiment of the present invention; 

Figure 7 is a perspective view illustrating a semiconductor laser device in accordance with a sixth 
30 embodiment of the present invention; 

Figure 8 is an enlarged view of a portion of the semiconductor laser device of figure 6; 
Figures 9(a)-9(c) are diagrams illustrating a method for producing a heat sink included in the semicon- 
ductor laser device of figure 6; 

Figure 10 is a perspective view illustrating a semiconductor laser device in accordance with a seventh 
35 embodiment of the present invention; 

Figure 1 1 is a perspective view illustrating a semiconductor laser device in accordance with an eighth 
embodiment of the present invention; 

Figure 12 is a perspective view illustrating a semiconductor laser device in accordance with a ninth 
embodiment of the present invention; 
40 Figures 13(a)-13(b) are diagrams illustrating a heat sink included in the semiconductor laser device of 
figure 14; 

Figure 14 is a perspective view illustrating a semiconductor laser device in accordance with a tenth 
embodiment of the present invention; 

Figures 15(a)-15(b) are diagrams illustrating a heat sink included in the semiconductor laser device of 
45 figure 14; 

Figure 16 is a perspective view illustrating a semiconductor laser device including a heat sink according 
to the prior art; and 

Figure 17 is a perspective view illustrating a semiconductor laser device including a heat sink according 
to the prior art. 

50 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a perspective view illustrating a semiconductor laser device in accordance with a first 
embodiment of the present invention. In figure 1, reference numeral 1 designates a metal block comprising 
55 silver, copper, or the like. A heat sink 2 is disposed on the metal block 1. The heat sink 2 comprises a 
plurality of heat-radiating layers 2a comprising a first insulating material and having a relatively high thermal 
conductivity and a plurality of heat-insulating layers 2b comprising a second insulating material and having 
a relatively low thermal conductivity, which layers 2a and 2b are alternately laminated. Preferably, the first 
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~^TZ^^^^^-0 « ton _ 3 ^ 

connBded to a common .loctrM. ol to. «,mio»H., M „. ,„.. -o,. ° ™ i.T**' » nd a ™al wire 5a is 
electrically isolated from each other by stripe grooves 7a and 7b ^ r69i ° nS 4a> 4b ' and 4c are 

fi 9 ure TXZZ^^J^^ 2 ?r ^ ^ - -ice of 

» 2b which are alternately ,aminated in JTS^^S^tr' ^ heat - insu,a ^ 'ayer (SiO, ,a ^ 
each of the active regions 4a, 4b. and 4c is tan«^ , .„ 6 re9 '° ns; The ^ore. heat generated in 

2a. On the other hand, the heat .inJ^J^^r^ 1 ^ 1 

the period* presence of the heat-insulating layers 2b o tha the \ IT* * BCBon " P ° 0r becaus * of 
d.rect.on. As a result, heat transmission beLen adfacen?^, d06S 001 extend in the horizontal 

- proving a semiconductor laser array «*1ZZ££E^ ^ ^ ** heat Sink is -duced 

*-W«2^SS^ - -ma, conductivity layers 

active regions of the laser chip 3 to constitute the hit s in* p * * a " ay direc «°" of the 

between the active regions are reduced, .n addLn wh en th IL^TT- inSU ' atin9 maferia,S ' Crossta '^ 

a heat sink with improved heat-radiating efficiency ^achieved ' ' S 35 heat «n9 iayer 2a. 
- a f Ci^r^ - are used as materials of the heat- 

"""■KS^ ** Pacing the hea, sin k of the 

numeral 21 designates diamond fayers. 2 ° deSi9 " ates a " Si °* -bstrate 

Initially, as illustrated in figure 2(a) diamonri whth 9 02 ' ayers - 

» thermal conductivity, is deposed on an S sub^ ?oTo r^™ 6 "' 3 ' ^ 3 re,ativa »y "Oh 
illustrated in figure 2(b). SiO*. which is an insulin '2? , ? Prescribed thickness by CVD. Then as 
deposited on the diamond .ayer ^^^SSSL'T 0 '° W thermal ^ducSvi ^ is 

diamond layer 21 and the Si0 2 layer V ^wrt StonZT^ ^ 9rowths * 

thickness as shown in figure 2(c) Thereafter « i.h ! f „ 'am.nated structure of a prescribed 

- into a p,ura,ity of blocks 9 each V£E£ ?J^Te '^2 ?" ^cture is dSd ed 

ajsrjKir produced — ^ttzsrs issxzzz: 

s^TmT^^S S — - easily produced from a large- 

«s During producing the laminated structure bv rvn ™ » • 

easily contro.led. so that the dime nsfo S 5^^^' * ^ ^«P^ «W « 
conventional method of adhering thin films usin^h^Lder " " 38 C ° mpared «» 

.ownby 6 £^ S " ^ » CVD a " d - ■* layer 22 is 

growth methods of the respecfive ni^SZ^SSS^ V ^ * ms - add ^n. the 
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In order to improve the performance of the heat . sink of the first embodiment, an increase in. the heat- 
radiating efficiency of the heat sink and a decrease in crosstalks between adjacent active regions of the 
laser array should be achieved. To increase the heat-radiating efficiency of the heat sink, portions of the 
heat sink beneath the respective active regions of the laser array should be formed of the high thermal 
5 conductivity material. To decrease crosstalks between the active regions of the laser array, the low thermal 
conductivity layers of the heat sink disposed beneath regions between adjacent active regions should be 
thick. 

The heat sink according to this second embodiment shown in figure 3 satisfies. the above-described 
conditions. More specifically, in figure 3, each of the active regions 4a f 4b, and 4c of the laser array is 

10 disposed on the insulating layer 2a having a relatively high thermal conductivity and the same width as the 
active region, and each of the grooves for isolation 7a and 7b is disposed on the insulating layer 2b having 
a relatively low thermal conductivity and the same width as the groove. In this structure, the heat-radiating 
efficiency is further improved and the crosstalks between the active regions are further reduced as 
compared with the semiconductor laser device of figure 1 . 

75 Figure 4 is a perspective view illustrating a heat sink in accordance with a third embodiment of the 
present invention. In figure 4, reference numeral 23 designates a layer having a relatively high thermal 
conductivity and a thickness d1, numeral 24 designates a layer having a relatively low thermal conductivity 
and a thickness d2. Materials and thermal expansion coefficients of the layers 23 and 24 are different from 
each other. In this third embodiment, the thickness d1 of the high thermal conductivity layer 23 and the 

20 thickness d2 of the low thermal conductivity layer 24 are precisely controlled to reduce stress applied to a 
semiconductor laser chip disposed on the heat sink. 

An expansion AL of the heat sink 2 when the temperature thereof rises by 1°C is represented as 
follows: 

25 AL = maadl + nab d2 (1) 

where m is the number of the high thermal conductivity layers 23, n is the number of the low thermal 
conductivity layers 24, oa and ab are the thermal expansion coefficients of the layers 23 and 24, 
respectively, and L is the width of the heat sink 2. 
30 Therefore, the expansion of the heat sink 2 per a unit length is represented as follows: 

ALA. = (maa di + nab d2)/L (2) 

When the thicknesses d1 and d2 of the respective layers 23 and 24 are set so that AL/L is equal to the 
35 thermal expansion coefficient aLD of the semiconductor laser chip, no stress is applied to the laser chip. 

For example, the high thermal conductivity layers 23 comprise diamond having thermal conductivity of 
20 W/cm*C and thermal expansion coefficient of 3 x 10~ 6- C~\ the low thermal conductivity layers 24 
comprise silver having thermal conductivity of 4.28 W/crrrC and thermal expansion coefficient of 11.8 x 
10" 6 *C~\ and the semiconductor laser chip comprises GaAs having thermal expansion coefficient of 6.63 
40 x 10~ 6 •C" 1 . In this case, if the thickness of each diamond layer d1 is 100 microns, the number of the 
diamond layers m is ten, the thickness of each silver layer d2 is 76.1 microns, and the number of the silver 
layers n is eleven, the equation (2) is solved as follows: 

45 L/L = (10 x 2.3 x 1CT 6 x 0.1 + 11 x 11.8 x 10~ 6 

x 0.0761)/(10 x 0.1 + 11 x 0.0761) 

50 

= 6.63 x 10~ 6 

55 Thus, the thermal expansion coefficient of the heat sink 2 is equal to the thermal expansion coefficient of 
GaAs. 

In this third embodiment, the thickness d1 of the high thermal conductivity layer 23 and the thickness 
d2 of the low thermal conductivity layer 24 are calculated according to the primary approximate calculation 
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in which only materials of the lavers an H da ^ *u , 

d2 are ca.culated more pnJ^^^lT.SSS are h COnsidered - " the ,h '' Ctaesses d1 - 

tanrunatod structure thus obtained is divided into Tpluralit S ET^' " V3CUUm dep ° Siti0n - and *e 
Whrle producing the laminated structure by CVD soutterin "Z" 19 3 didn9 S3W 0r a ,aser 

the thickness of each layer and therefore th^P CUUm de P° sition - » is very easy to control 

« the thickness of each layer is ni5^^St5,S^ ^"'^ When «£22 
While in the above-described third « m J*' . _embod.ment of the present invention, 
the high thermal conducS^CS SESTl^ " 3 matorW * ™^ ** 

thermal conductivity layer 24, both .ayers 23 nd 24 mav Co™**" m3t , erial * emP '° yed for the '™ 

■ Seis: r circuit — b --^ 

amb^ S^SS t^"^ "n X T T* ™° "» a 
shown in figure 4 is further improved S '" k ° f the ^'described third embodiment 

^^^^JS^Sl^r 23 h — *~> - -ve regions 
thick and the thicknesses of the respect e aye L S^^L ?! T***™ 9r °° Ves 7a and 7 ° are 
of the whole hea, sink in the horizontal dSctonTs tZT^ZT^^ ^^^^ 
semiconductor laser chip. In this embodiment, in aJdiLTthe J, It ^ eXP3nSi ° n COefficient of *• 
further increase in the heat-radiating efficiency of T e h L f "T, ^ apP " ed t0 the laser chip, 
between the active regions of the laser arraTare achieved reduCtion in the ^stalks 

r^^"^^^^^^ ~ -h a fifth 

2 composing an insulating material, such as silicon 2 iZlnT des, 9 nates a ™*al block. A heat sink 
metal block 1. A laser array chip 3 includino n.Si , 9 ^ Stnpe V grooves 8 is dis Posed on the 
producing ,ight of a differed l^C^i2^ - - ^1^. , ^ 43 * 4 * 3Ctive 
corresponding to the active regions 4a To 4d respectfve.v arl h T *' E,eCtr ° de pattems 6a «° *! 
to 5e are connected to the electrode patterns ta^^^T™*, 0 " ** S ' nk 2 " Metal ™™ 5b 
common electrode of the semiconductor laser chip 3 reSpeCt,Ve,y ' and a ^^tat wire 5a is connected to a 

, of a portion of the structure shown 

parts. In this fifth embodiment, the V groove 8 is preSm SZi the S3me or ^responding 

adjacent active regions 4a and 4b, so that air is L JZZ^T* ? ? ** ,3Ser Chi ? 
air >s lower than thermal conductivity of silicon 1 u 3t re9 '° n - Since thermal conductivity of 

active region 4a and transmitted in t te^Z^Z^J** ^ WhiCh is 9enerated "the 
«> along the side walls of the V groove 8 Acwrd JallTE. Z t re9 '° n 4b ' f ' 0WS ar0und ,he air 

from the surface of the heat sink to the surface of the nfl f ,"T ° f *' h6at S ' nk 2 ' the LI 
the adjacent active regions 4a and 4b along X, V aro^t 2f J " ^ ,h3n the d ' Stance 12 be ^" 

^rthtaS^ 

trape"o^^ to the heat radiation of the hea, sink is 

hea, radiation from the laser chip is improved as col^ ^1 *° m aC " Ve re 9 ion - ln thi ^ ^ase. 
^^^fte^r^^S^.S'^,"* ^ reCt3n9U ' ar heat - d i a tin 9 region 

SET 0 ffJS? 7 3 ^ Pr ° dUCin9 ^ of figure 6 

p^-tr-ssi-.: » m ~ L 3 — - • - a 

patterned as shown in figure 9(a) using conventtonal nhnlih I ^ 60 a " d the Phoresis, 61 are 
mask. ,he silicon subs,ra,e 25 is etcned 'ZT^T^^l^ Usi " 9 this » a 3 a 

form grooves 80 in which (in, surfaces are ST"" 9 - ? ' ^ " d iS ° Pr0pyl alcoho1 - <° 

(11 ) surface to the (100) surface is about 54 7 TTZn Tot* "Et ^ the 9radient of the 

D of the groove is abou, 71 microns. After the e chino 2?^ f° 0Ve 80 iS 100 microns - the depth 
(c). followed by dicing to cut the substrate ^25 t J i photoresist 61 is ra ^oved as shown in figure 9- 
layers 60 serve as the electrode pattern el to 6 d ^ S ' 2e> C ° mp,9,in9 the heat sink ^ The' metal 
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In figure 8, when the interval L3 between adjacent active regions 4a and 4b of the semiconductor laser 
array chip 3 is 200 microns, a silicon substrate 150 microns thick is used for the heat sink, and the V 
grooves 80 each having an aperture width L4 of 100 microns are formed in the substrate according to the 
method of figures 9(a)-9(c), the depth L5 of each groove 80 becomes about 71 microns as described above. 
5 whereby the distance L2 between the active regions 4a and 4b along the V groove 8 is sufficiently longer 
than the distance L1 from the active region to the surface of the metal layer 1 . 

While in the above-described fifth embodiment the heat sink substrate comprises insulating silicon, it 
may comprise other insulating materials. 

Figure 7 is a perspective view illustrating a semiconductor laser device in accordance with a sixth 
w embodiment of the present invention. In figure 7, the V grooves 8 do not reach the rear surface 2a of the 
heat sink 2, and only the electrode patterns 6a to 6d are separated from each other, whereby mechanical 
strength of the heat sink is increased as compared with the fifth embodiment of the present invention. 

Figure 10 is a perspective view illustrating a semiconductor laser device in accordance with a seventh 
embodiment of the present invention. In figure 10, the grooves 8 penetrate through the heat sink substrate, 
T5 so that the trapezoid heat-radiating regions of the heat sink are separated from each other. Also in this 
embodiment, the same effects as described in the fifth embodiment is be attained. 

In the above-described seventh embodiment, since the V grooves 8 are formed from the front surface 
2a to the rear surface 2a of the heat sink 2, so that the heat sink 2 is completely divided into four blocks, 
resulting in a complicated fabrication process. Figure 11 is a perspective view illustrating a semiconductor 
20 laser device in accordance with an eighth embodiment of the present invention. In this eighth embodiment, 
the V grooves 8 do not reach the rear surface 2b of the heat sink and only the electrode patterns 6a to 6d 
are separated from each other, so that the heat sink 2 is formed as one block in a relatively simple process. 

Figure 12 is a perspective view illustrating a semiconductor laser device in accordance with a ninth 
embodiment of the present invention. In figure 12, the heat sink 2 includes three impurity diffused regions 
25 1 1 which are formed by a selective diffusion of impurity into a heat sink substrate 25 comprising insulating 
silicon. 

A description is given of the operation. A reduction in thermal crosstalks between active regions of the 
semiconductor laser array according to this ninth embodiment is based on the same principle as described 
in the fifth embodiment. That is, in this ninth embodiment, a region between adjacent active regions of the 

30 laser array is disposed on each impurity diffused region 11 formed in the heat sink 2. It is well known that 
the impurity diffused region produced in the silicon substrate has lower thermal conductivity than the other 
region of the substrate in which no impurity is diffused. Therefore, in figure 12, heat, which is generated in 
the active region 4a and transmitted toward the active region 4b, flows around the impurity diffusion region 
11, along the diffusion front. Accordingly, if the distance from the active region 4a to the surface of the 

35 metal block 1 is shorter than the distance between the active regions 4a and 4b along the diffusion front of 
the impurity diffused region 11, the heat transmission from the active region 4a to the active region 4b 
through the heat sink 2 is effectively suppressed, reducing the thermal crosstalk between those regions. 
Figures 13(a) and 13(b) illustrate a method for producing the heat sink 2 of figure 12. 
Initially, a metal film comprising Au or the like, an insulating film, or a conductive film is deposited over 

40 the surface of the heat sink substrate 25 comprising insulating silicon. Then, the film is selectively etched 
leaving portions, each portion having the same width as each element of the laser array 3, resulting in a 
mask for selective diffusion 9 with apertures 10 (figure 13(a)). 

Then, an impurity, for example, phosphorus or boron, is diffused into the silicon substrate 25 using the 
mask 9 having the apertures 10, producing impurity diffused regions 11 at equal spaces to a prescribed 

45 depth 11 (figure 13(b)). 

Thereafter, metal or solder 12 is deposited on both surfaces of the heat sink substrate 25, whereby the 
heat sink is easily soldered to the laser array chip 3, a mount, or a package. When the diffusion mask 9 
comprises metal, the metal or solder film 12 is dispensed with, simplifying the production process. The 
metal or solder film 12 may be deposited after removing the diffusion mask 9. 

50 In fabricating the semiconductor laser device, as shown in figure 12, the active regions 4a to 4d of the 
laser array chip 3 are positioned on the regions of the heat sink 2 where the impurity diffused regions 1 1 
are absent. 

In figure 12, when a silicon substrate 150 microns thick is used as the heat sink substrate 25 and the 
impurity diffused regions 1 1 about 80 microns deep are formed using the diffusion mask 9 having apertures 
55 about 10 microns wide according to the above-described method, the distance between the active regions 
4a and 4b around the impurity diffused region 11 is sufficiently longer than the distance from the active 
region 4a to the surface of the metal block 1 . 
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laser array are reduced. 

According to the present invention, a heat sink, on which a semiconductor laser array chip including a 
plurality of active regions is disposed, comprises a plurality of layers comprising an insulating material 
having a high thermal conductivity and a plurality of layers comprising an insulating material having a low 

5 thermal conductivity, which are alternately laminated in the array direction of the active regions. Thicknes- 
ses of the respective layers of the heat sink are determined so that a thermal expansion coefficient of the 
whole heat sink is equivalent to a thermal expansion coefficient of a principal material of the semiconductor 
laser array chip. The semiconductor laser array chip is disposed on the heat sink so that at least one of the 
low thermal conductivity layers of the heat sink is present beneath each region between adjacent active 

70 regions of the laser array. Therefore, thermal crosstalks between the active regions of the laser array are 
reduced and the stress generated in the semiconductor laser chip is reduced, thereby improving char- 
acteristics of the semiconductor laser device. 

In addition, according to the present invention, a heat sink for a semiconductor laser device is produced 
by alternately depositing a material having relatively high thermal conductivity and a material having 

75 relatively low thermal conductivity using CVD, sputtering, vacuum deposition, or the like. Therefore, the heat 
sink is easily produced with high dimensional precision. 

Furthermore, according to the present invention, a heat sink, on which a semiconductor laser array chip 
including a plurality of active regions is disposed, includes a plurality of stripe grooves having a prescribed 
depth, which are periodically disposed in the array direction of the active regions of the laser array chip. 

20 The semiconductor laser array chip is disposed on the heat sink so that each stripe groove is present 
beneath each region between adjacent active regions. In this structure, since the heat conductivity of the 
heat sink in the horizontal direction is low, thermal crosstalks between the active regions of the laser array 
chip are reduced. 

Furthermore, according to the present invention, a heat sink, on which a semiconductor laser array chip 
25 including a plurality of active regions is disposed, includes a plurality of stripe-shaped low thermal 
conductivity regions having a prescribed depth, which are periodically disposed in the array direction of the 
active regions. The semiconductor laser array chip is disposed on the heat sink so that each low thermal 
conductivity region is present beneath each region between adjacent active regions. In this structure, since 
the heat conductivity of the heat sink in the horizontal direction is low, thermal crosstalks between the active 
30 regions of the laser array chip are reduced. 

Furthermore, according to the present invention, a heat sink, on which a semiconductor laser array chip 
including a plurality of active regions is disposed, comprises a polycrystalline layer including columnar or 
fiber grains. The semiconductor laser array chip is disposed on a surface of the heat sink perpendicular to 
the length of the grain. In this structure, the heat conductivity in the longitudinal direction of the grain is high 
35 while the heat conductivity in the horizontal direction is low because voids existing among the grains 
impede the heat transmission, thereby reducing thermal crosstalks between the active regions of the laser 
array chip. 

Claims 

1. A semiconductor laser device comprising a semiconductor laser array chip (3) including a plurality of 
stripe-shaped active regions (4a,4b,4c), each active region being driven independently, and a heat sink 
(2) on which said semiconductor laser array chip (3) is disposed, wherein: 

said heat sink (2) comprising a plurality of layers comprising an insulating material having relatively 
high thermal conductivity (2a) and a plurality of layers comprising an insulating material having 
relatively low thermal conductivity (2b), which are alternately laminated in the array direction of said 
active regions (4a,4b,4c); and 

said semiconductor laser array chip (3) being disposed on said heat sink (2) so that at least one of 
said layers having relatively low thermal conductivity (2b) is present beneath each region between 
adjacent active regions. 

2. A semiconductor laser device comprising a semiconductor laser array chip (3) including a plurality of 
stripe-shaped active regions (4), each region being independently driven, and a heat sink (2) on which 
said semiconductor laser array chip (3) is disposed, wherein: 

55 said heat sink (2) comprising a plurality of layers comprising a material having relatively high 

thermal conductivity (23) and a plurality of layers comprising a material having relatively tow thermal 
conductivity (24), which are alternately laminated in the array direction of said active regions (4), 
thicknesses of the respective layers being determined so that a thermal expansion coefficient of the 
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